The impact of fires on humans and the environment has been the subject of investigation for decades. We have a variety of more or less well developed models to study the impact of fires on humans and even have several international standards categorising standardised approaches to quantifying the toxic potency of fire gas exposure. However, there is currently no standardised approach available to evaluate the environmental impact of fires and their countermeasures. This paper will provide a summary of the work that the authors have conducted over the past 15 years on the development of different tools to investigate the environmental impact of fires, including Fire-LCA (life-cycle assessment) and Fire-CBA (cost benefit assessment). The benefit of a holistic approach will be discussed but also its limitations in light of data availability and quality, and the difficulties associated with interpreting the results. In particular, the development of a truly global approach to the modelling of the environmental impact of fires, incorporating such issues as toxicity, eco-toxicity and cost-benefit analysis into a traditional LCA model will be discussed. It is only through the development of such a tool that one can hope to be able to provide sound input to legislation in support of the development of environmentally sustainable fire safety. This work will be presented against a backdrop of data concerning toxic and eco-toxic emissions from fires. Such data are a pre-requisite for modelling the environmental impact of fires and while much detailed data are now publicly available much still remains to be found -gaps in data will be identified and discussed.
INTRODUCTION
Awareness of the fact that large fires may present dramatic and persistent adverse effects on the environment has risen since the occurrence of numerous high impact incidents over the past 25 years, such as the Sandoz incident in November of 1986 when a chemical fire in an industrial warehouse near Basel in Switzerland laid waste to the Rhine [1] . Traditionally discussion of the environmental impact of fires has focused on the emissions that fires can cause both to the air, water and soil; but in recent years a new debate has arisen where the impact of chemicals on the environment and the precautionary principle have taken precedence [2] . In the wake of the political debate concerning potential exposure to chemicals in our environment, flame retardants, used to restrict the size and number of fires in products to which they are added, have also been questioned. In a debate article in Swedish press in the 1990s [3] , a representative from the Swedish Civil Contingencies Agency (then the Swedish Rescue Services Agency) questioned the need for chemical additives in products in light of their unknown consequences on people and the environment. At that time no holistic tools were available that could make an objective assessment of the impact of flame retardants on the environment which prompted the development of a holistic LCA based model, the Fire-LCA model [4] .
Several research projects have investigated emissions from fires since the 1980s. Initially many studies were qualitative and investigated which organic species could be expected in fire gases as most previous experience of the characterisation of combustion gases was from controlled combustion rather than fires, e.g. the groundbreaking work of Levin et al. at NIST [5] [6] [7] [8] [9] [10] . It was not until the 1990s that large volumes of quantitative data concerning fire gas characterisation were first published to a great degree, such as that produced by SP [11] [12] [13] . SP Fire Technology started their work on detailed characterisation of fire gases in the 1990s with their participation in two pioneering EU-funded research programs: STEP [14] and TOXFIRE [15] . Both focused on combating the potential environmental impact of fires by forming a sound understanding of the potential magnitude of such emissions. In the STEP project a methodology for the measurement and characterisation of combustion gases from large-scale fires was developed and published.
In the TOXFIRE project this methodology was applied to characterise the emissions from burning chemicals from medium-scale (of the order of 10 kg) up to large-scale (of the order of 100 kg). The main objective of the TOXFIRE project was to provide the basis for guidelines, e.g. for extinguishment, to be used by fire engineers and fire brigades when dealing with fires in chemical warehouses.
Early estimates of the magnitude of emissions from fires were made for Sweden in 1995 [16] and updated in 2001 [17] . These have been used as the basis for discussions of the magnitude of various emissions subsequently [18] . This early data also indicated that while numerous small chemical species (CO, HCN, NO x , acid gases, etc) are significant from an acute toxicological point of view, emissions from fires of these species were not significant compared to other sources (e.g. the production of energy from combustion). Emissions of large organic species and particulates were, however, found to be of the same order of magnitude as other sources with documented environmental significance. Despite this work, no standardised method of assessing the environmental impact of fires was available by the turn of the 21 st century.
In recognition of the importance of the issue and the lack of a standardised approach, ISO TC 92/SC3 The effect of Fires on People and the Environment launched an initiative (a task force) in 2002 to investigate the potential for developing a standardised approach to assessing the environmental impact of fires. In 2006 this task force was used as the basis for a working group (WG6) on the environmental impact of fires, whose mission is to develop such a standardised approach to the environmental assessment of fires [19] . To date this group has produced one standard and several others are under development. The first standard, Guidelines for assessing the adverse environmental impact of fire effluents -Part I: General [20] , is proposed as the first in a series of documents aimed at providing guidance on which species are important in terms of the environmental impact of fires and how these should be quantified and assessed. Much work remains to be done but a beginning has been made.
In lieu of an internationally agreed standardised approach to the assessment of the environmental impact of fires, several holistic tools have been developed and applied to a number of case studies with a focus on assessing the impact of flame retardant choices in consumer products [21] [22] [23] [24] [25] . As will be outlined in this paper, the models provide some of the answers but leave many questions still unanswered. More work is needed on the development of global assessment tools to be able to weigh countervailing environmental emissions and constraints against each other to optimise the multi-facetted nature of the interaction between fires (and chemicals or methods used to avoid or mitigate them) and the environment. This paper will try to provide some insight into the present state-of-the-art concerning holistic modelling tools and illustrate their usefulness and short-comings through their application to a specific case study: the comparison between a TV set with relatively low fire performance (a non-flame retarded (non-FR) TV), and one with a relatively high level of fire performance (an FR TV).
FIRE EMISSIONS
Fires produce a complex cocktail of effluents, all with varying modes of action and longevity, toxicity and eco-toxicity. Typically the impact of fire emissions can be divided into acute and long term effects. In terms of the environmental impact of fire effluents, long term effects are often more important than acute effects. Traditionally, carbon monoxide (CO) is recognised as the main acute toxicant in fires [26] although numerous other gases are acknowledged as potentially important in determining the outcome of any given fire exposure. Hydrogen cyanide (HCN), elevated levels of carbon dioxide (CO 2 ) and oxygen vitiation are also important in their contribution to the asphyxiating characteristics of smoke gases upon direct exposure. Other components in smoke gases that cause sensory irritation to eyes and the upper respiratory tract include acid gases produced from the combustion of halogen-containing materials (where hydrogen chloride, HCl, is the most common), and a variety of organic compounds, such as: formaldehyde, acrolein and isocyanates. Irritant gases may have their greatest influence in reducing the speed of egress in the evacuation of people from a fire. Models for assessment of the effects of chemical compounds with an acute effect on people are available in ISO 13571 [27] .
In contrast, large organic species, such as dioxins or polycyclic aromatic hydrocarbons (PAHs) are those species which are thought to have the greatest environmental impact [12] . A guideline document for the assessment of the environmental impact from fires has been developed in ISO/TC92 SC3/WG6. This document presents emission pathways and species of interest from an eco-toxicological point of view.
There are, however, no standards available for the quantification of the effect from fires on the environment. The interaction between a fire and its surroundings (or environment) is illustrated in Fig. 1 . This figure clearly shows that there are a number of different emission pathways that allow a fire to impact on the environment. The effect of these emissions depends on the transfer mechanism (i.e., emission of gaseous species to the atmosphere, or emissions to the terrestrial or aquatic environment), the susceptibility of the recipient, and on the specific species [28] . Fig. 1 . Emission pathways (based on Ref. [28] ).
The next section of this paper deals with different models that have been developed in an effort to quantify (at least to a certain degree) the environmental impact of fires. In order for these models to give relevant answers concerning the impact of various emissions from different sources it is imperative that relevant data are available from the different potential sources of these emissions. Numerous papers concerning emissions from fires have been published in the open literature and can be used as input to an assessment of the environmental impact of fires, Refs. [11] [12] [13] [29] [30] [31] just to name a few. A recent book, however, has compiled a significant amount of the fire emission (gaseous) data which are presently available [32] . In those cases where such data are available it is generally most detailed for gaseous emissions, with relatively less information available concerning emissions to the aquatic or terrestrial environment.
ASSSESSMENT METHODOLOGIES
Numerous environmental assessment methodologies exist ranging from full LCA tools such as those that we have build our Fire-LCA and Fire-CBA methodology on, to less detailed types of environmental assessment tools (e.g. EPD). Traditionally these tools assume an incident free life-cycle of the product or process being evaluated. This means that in the case of a traditional tool, the function of, e.g., a flame retardant or an extinguishing medium in terms of a potential reduction in the number and size of fires is not included. The only thing that is included is the environmental cost in terms of resource use and emissions during the entire life-cycle. This implies that any chemical additive is by definition only an additional environmental impact without the inclusion of mitigating circumstances for its inclusion by an overall change in the way the product interacts with the environment, e.g. a change in the overall production of emissions in fires.
In response to the limitations of traditional environmental assessment tools, the Fire-LCA model was first developed in 1995. The aim was to develop a tool that could be used for comparing the environmental impact of different fire performance legislations. LCA was chosen as the basis for the development as this is a widely used tool and sufficiently sophisticated to include factors like the effect of the mitigation of fires. It soon became apparent, however, that this model also has its limitations and the Fire-CBA model was developed to address some of these limitations. This section of the paper presents both the basis of a traditional LCA, the Fire-LCA model and the Fire-CBA model.
Traditional LCA
International standards for LCA methodology have been prepared by the International Organization for Standardization (ISO). The following standards are available today:
• Principles and framework (ISO 14040) [33] .
• Requirements and guidelines (ISO 14044) [34] . Generally the method can be divided into three basic steps with the methodology for the first two steps relatively well established while the third step (impact assessment) is more difficult and controversial. The first two steps are usually referred to as the life cycle inventory (LCI) and can be applied separately without the following impact assessment. In addition to the different steps in the procedure there can also be an interpretation phase. The three basic steps are shown in Fig. 2 . Each of these steps is dealt with separately below.
The goal and scope definition consists of defining the study's purpose, its scope, system boundaries, establishing the functional unit, and establishing a strategy for data collection and quality assurance within the study. Any product or service needs to be represented as a system in the inventory analysis methodology. A system is defined as a collection of materially-and energetically-connected processes (e.g. fuel extraction processes, manufacturing processes or transport processes), which perform some defined function. The system is separated from its surroundings by a system boundary. The entire region outside the boundary is known as the system environment.
The functional unit is the measure of performance, which the system delivers. The functional unit describes the main function(s) of the system(s) and is therefore a relevant and well-defined measure of the system. The functional unit has to be clearly defined, measurable, and relevant to input and output data. In the inventory analysis the material and energy flows are quantified. The system consists of several processes or activities, e.g., crude material extraction, transport, production, waste handling, and in the Fire-LCA model, fires. The different processes in the system are then quantified in terms of energy use, resource use, emissions etc. Each sub-process has its own performance unit and several in-and outflows. The processes are then linked together to form the system to analyse. The final result of the model is the sum of all in-and outflows calculated per functional unit for the entire system.
The most difficult part and also the most controversial part of an LCA is the impact assessment. So far, no standard procedure exists for the implementation of an entire impact assessment. However, the ISO standard covers the so-called life cycle impact assessment (LCIA) [35] , where different impact categories are used and recommendations are given for life cycle interpretation [36] . Transparency of the LCA model is, however, important and inventory data must also be available in addition to aggregated data.
Fire-LCA Methodology
In a conventional LCA the risk factors for accidental spills are excluded. The Fire-LCA methodology differs from the traditional LCA approach in that provisions have been made to include the impact of fires in the total life-cycle of the functional unit. Schematically the LCA model proposed for a Fire-LCA can be illustrated as in Fig. 3 .
During the lifetime of the products to be analysed, it is assumed that some products will be involved in different types of fires. The Fire-LCA model includes modules to describe the fire behaviour for the different types of fires. Fire statistics are used to quantify the amount of materials involved in the different types of fires. In addition, the model should include modules for handling the production of replacement materials that is needed due to the shortening of lifetime that the fires have caused. If possible the model should also include modules for the handling of the fire extinguishing process and the decontamination process. The main parts to be included in the model are:
• Production of materials and fuels to be used in the product production.
• Production of the fire protection system.
• Production of the product to be analysed (defined as the primary product).
• Use of the primary product.
• Waste handling of the primary product including:
-Fires starting in the primary product and spreading to surrounding products (defined as secondary products). These fires are called primary fires. Fires starting in the secondary product and spreading to the primary product. These fires are called secondary fires.
-Wastes from fire activities including demolition, decontamination, landfill, incineration, recycling -Replacement of primary products lost in both primary and secondary fires. Replacement of secondary products that have been lost in primary fires spreading to secondary products. -Fire extinguishing activities.
-Landfill fires in the landfilled materials.
This represents a comprehensive list of the processes involved in fires. In practice it is generally not feasible to include all of the above activities.
The intermediate output from a Fire-LCA model is a body of data concerning emissions to air, water and soil, energy and materials use, etc. There is, however, no well defined or standardised way to interpret this data and make an assessment of the importance of one emission over another, or of the use of resources compared to their benefit. This makes it difficult to make a comparison between the different alternatives.
Fire-CBA
The holistic, LCA-based, approach described above is also the basis for the Fire-CBA model [39] . In a traditional Fire-LCA one focuses on the emissions and energy requirements for each module. The Fire-CBA model, however, focuses on the costs (positive and negative) associated with the product life-cycle. In order to minimise the input requirements of the Fire-CBA, however, the Fire-CBA model focuses on the costs and benefits associated with choices made to produce a high level of fire safety throughout the Fire-LCA in purely financial terms. This focus on costs also facilitates the comparison between the different alternatives (scenarios) as the result is purely a net cost or benefit rather than a large number of emissions or resource uses.
The costs associated with the functional unit include such things as raw material for the production, possible costs associated with the use of the product and, finally, costs associated with its end-of-life, e.g. disposal or inclusion in a fire. In the Fire-CBA model, the base-line is defined as the choice of a minimum level of fire safety and the cost and benefit of an incremental increase in fire safety only is calculated. The costs, associated with production and use of the base-line product, are equivalent and therefore excluded from the overall calculation. This reduces the data collection requirement significantly, but provides only the incremental cost and benefit which is needed for sound decision making, not the absolute costs and benefits associated with each individual product. Table 1 . Collation of requirements for Fire-CBA per module [39] .
Module Comment Production
Any additional costs associated with production should be included in this part of the CBA. In some cases the use of alternative materials can require significant investments by industry which should be included in the cost. Use
The difference assumed in the Fire-CBA does not impact on the costs associated with the use and this will not be included. Transport
As for the use, the costs associated with transportation of the functional unit would not be expected to change through the introduction of flame retardants or other fire mitigation measures. Destruction Additional costs associated with specific destruction plans could be included in this module, e.g. specific cost programs related to the end-of-life destruction of consumer products. Alternatively one could consider a worst case scenario with a dedicated, isolated stream destruction of materials containing 'hazardous' chemicals and the cost associated with this.
Fires
The cost of extinguishment, sanitation, treatment of injuries and possible deaths should be included in the cost of fires. Indeed one of the major benefits of the use of a high level of fire safety is the avoidance of fires, reduction in the size of fires that occur and reduction in injuries and loss of lives. Chemical Exposure This is not strictly a 'module' but related to exposure which can occur connected to chemicals throughout the life-cycle of the product. In the Fire-CBA model this is focused on exposure to flame retardants. Table 1 shows the various parts of the full life-cycle and whether the costs and benefits need to be calculated to obtain a full understanding of the incremental change caused by the choice of level of fire safety.
One of the most important issues which must be resolved when conducting a cost-benefit analysis is associated with the value of a life and whether this should be variable based on the age of the life lost. The use of CBA has become more accepted in the realm of environmental and other health and safety related legislation. The primary benefit of many important environmental requirements, as determined by the monetary value of the CBA, is the human lives that are saved. Thus, in determining whether a particular regulation can be justified, the central issues often revolve around the value assigned to the lives that would be saved by a specific program [40] . While the concept of placing a value on mortality can be seen as immoral [41] it is a necessary prerequisite of any CBA. In recognition of this a great deal has been learned about value of a statistical life (VSL) over the past 30 years [42] .
The literature contains a wide range of proposed VSLs and Table 2 contains a summary of the various VSLs that were found during the development of the Fire-CBA model. The values are based on a willingness to pay (WTP) philosophy [42] . Situations in which risk is, at least partially, a matter of choice provide opportunities to analyse behaviour and estimate the WTP for risk reductions (e.g., through a higher price for a product) or the willingness to accept (WTA) compensation for risk increments (e.g., reduction in the price of a product, or increase in payment for a risk filled occupation).
While the values included in Table 2 correspond to the VSL for a risk averted immediately, a life-cycle approach must take into account the fact that averting behaviour can be used now to change mortality risks in the future. This is generally done through discounting of future lives relative to present lives. In 1980, the US EPA Office of Management and Budget (OMB) strongly urged discounting the value of human lives over the period of latency of the harm [40] . At that time they recommended a discount rate of 10 % but more recent CBAs published by the US EPA use a more moderate discount rate of 3 % [43] . Table 2 . VSLs from a variety of studies [39] . 
VSL (year 2000, million US$) Behaviour and trade-off

MODEL APPLICATION TO A TV CASE STUDY
Fire-LCA
Results from an LCA study can be presented in numerous ways. Typically LCA studies are conducted in a comparative manner with one model of the functional unit being compared to another. In the Fire-LCA studies conducted to date the model has been used in three ways, i.e., to:
• compare two versions of the same product with essentially the same components and materials, but with different fire performance, • compare two versions of a product with the same overall fire performance but different construction materials, • determine the significance of fire as an parameter of environmental impact relative to a traditional LCA, i.e. a comparison between a traditional LCA and a Fire-LCA.
In the first case one can draw conclusions concerning the environmental impact of choosing a high level of fire performance over a low level of fire performance. In the second case one can draw conclusions concerning the relative environmental impact of the product depending on which materials are used in the product construction, when the environmental impact of fires is included in the overall LCA treatment. Naturally in both cases the model is open to the investigation of different scenarios within the same general comparison, e.g. in terms of comparing different end-of-life scenarios or different modes of production. In the third case it was possible to identify the environmental burden from fires and possible benefit of implementing fire protection.
Three full Fire-LCA studies have been conducted to date, i.e. a Furniture Case Study [52] , a Cable Case study [53, 54] and a TV Case Study [55] . Further, a partial Fire-LCA of a warehouse has been conducted [4] , as well as the use of the Fire-LCA model as a decision making tool in tank fire protection [56] . These Fire-LCA studies have included facets of all three types of comparison. In the case of the TV Case Study, two different versions of the same product were compared. In the study the only ostensible difference between the two versions is their fire performance. In the Furniture Case Study, three different versions of the same sofa were compared. One version had low fire performance while the other two had a high level of fire performance, achieved by using two different flame retardants. Finally in the Cables Case Study, similar levels of fire safety were achieved using different material and compared.
Nearly all life-cycle assessments contain a large quantity of data. Usually it is neither possible nor necessary to analyse all the different parameters in a study. It is, therefore, of great importance to select and analyse key parameters. The selection of parameters for further analysis should focus on two different criteria. Firstly, the parameter must be well represented in the system with high quality data and few data gaps; secondly, data of direct relevance for the fire aspect should be placed in focus when using the Fire-LCA model. Should the data of direct relevance for the fire aspects not exhibit major differences between the different scenarios, one could interpret the results to mean that the fire part of the model does not offer any additional insight over those of a traditional LCA, and the uncertainties in the fire part of the model should be removed by reverting back to a traditional LCA treatment.
As the assessment methodologies are illustrated using the results from a TV Case Study [55] , some illustrative results are presented showing that typical emissions data are relevant as input when modelling the environmental impact of fires. One should, however, emphasise that when conducting tests for fire gas characterisation it is important to quantify a broad range of different emissions as these species are important when establishing the significance of fire emissions relative to other sources. Therefore, despite the fact that the emission of CO 2 from fires, e.g. has been ruled out as environmentally significant, it is important to quantify it as a fire emission because this ensures that the LCA input is as complete as possible. Full details of how the experiments were run from which the data were collected are given elsewhere [55] and will not be repeated here. Table 3 provides basic details concerning the combustible content in the TV sets. Table 3 . Combustible material in TV sets used in the Fire-LCA TV Case Study [55] . In most cases large organic species are measured using cumulative sampling which means that single point data are available for the entire measurement period. To illustrate the type of emissions data that can be obtained from fire experiments and that are relevant as input to an LCA, PAH and emissions of flame retardants (to air) are summarised in Table 4 . Table 4 . Yields PAH (g/kg burned material) and deca-BDE (mg/kg burned material) from the non-FR and FR TV experiments from the Fire-LCA TV Case Study [55] . Fig. 4 shows selected results of a comparison between emissions from the life-cycle of a flame retarded TV and a non-flame retarded TV for various species using the Fire-LCA model. In this figure a modern scenario ('today') and a future scenario are compared. The assumptions forming the basis for each scenario are given in Table 5 .
Species
In both the 'today' and the 'future' scenarios, one can see that fires are an insignificant source of carbon dioxide, which is quite expected as carbon dioxide is the major end product for emission of carbon irrespectively of the fate of the TV. However, fires constitute a significant source of PAH from TVs throughout their life-cycle. This aspect would be lost in a traditional LCA analysis which could lead to incorrect conclusions concerning emissions of PAH from a flame retarded or non-flame retarded TV. This can be said to be true of all major organic species whose emissions are minimised from controlled combustion, but that are produced to a large degree in fires. Finally the results for emission of deca-BDE are also presented. Naturally emissions of deca-BDE dominate from the FR TV. Table 5 . Waste handling scenarios for the TV sets in the models [55] .
Activity
Waste handling of 'today' 'Future' waste handling TV sets to incineration 1 % 1 % TV sets to disassembly (for recycling) 2 % 89 % TV fire (failed TV sets to incineration) 1 % 1 % TV sets to landfill
Remaining part except TV sets to fire
Remaining part except TV sets to fire The Fire-LCA model has one major drawback that even a traditional LCA model suffers from; it is difficult to weigh an emission saved (in this case PAH) against an emission gained (i.e., deca-BDE). This was one of the reasons to establish the Fire-CBA model, in an effort to investigate the cost-benefit relationship when the cost of a fire is included in the equation.
Fire-CBA
While the Fire-LCA model does provide interesting results concerning the emissions from products where their fire performance is taken into account, no information is included concerning the costs or benefits of the choices made, e.g. to ensure a high level of fire safety. A number of important costs must be included, to take into account the financial cost and benefit of any given proposed legislation. In the case of the application presented above, the use of a specific flame retardant (deca-BDE) to reach a high level of fire safety was studied. Both TV sets were assumed to be essentially equivalent in terms of their chemical content with the exception of deca-BDE. Therefore, exposure to other chemical compounds in the TV set was not considered as this exposure would be the same for both TV sets. Both TV sets were compliant with regulations in Europe but only the TV containing deca-BDE in the outer enclosure was compliant in the USA.
A full analysis of the input for the only Fire-CBA study that has been conducted to date is available in Ref. [39] . Table 6 contains a summary of the different scenarios chosen for the study while Table 7 contains a summary of the data used in the Fire-CBA calculations.
In all the scenarios, a 10 year life-cycle was assumed for the TV sets. This is important as it means that 10 % of the TV sets are replaced each year and benefits and costs are cumulative over the full 10 year lifecycle. Three different discounting scenarios were tested (0 %, 3 % and 10 %) to illustrate the significance of the discounting rate on the impact of future lives saved or costs incurred. Two costs of disposal were used to illustrate the significance of this cost in the analysis. These two values (US$1 and US$13,3) were chosen to represent extremes present in the EU. In many cases there is no direct cost to consumers for recycling, which would significantly increase the impact of the overall benefit of the avoided fires, fatalities and injuries.
Finally, the capital cost of fires (for replacement of property) is difficult to determine and has been included to a varying degree in the various scenarios. In the most conservative case the capital cost of fires has not been included. This is true of Scenarios 1-3. Scenarios 4 and 6-8 include the capital cost to replace full house fires to the degree suggested in the Fire-LCA TV Case Study, while Scenario 5 includes a nominal cost per fire for all TV fires, again based on the data available in the Fire-LCA TV Case Study. In this case the full house fires are included indirectly as one of many types of fires. Table 8 contains a summary of the costs calculated for each scenario using the Fire-CBA model. Clearly this application of the Fire-CBA model is skewed towards the benefit of avoiding a fire, which can potentially result in significant injury or death as there is presently no indication of a cost in terms of injury or death due to exposure to deca-BDE. 
CONCLUDING REMARKS
Fire emissions and fire toxicity are important subjects that have been discussed since the 1970s and studied in detail since the 1980s. In recent years, the study of fire emissions has been extended to take into account their impact on the environment. To date a standardised approach to establish the environmental impact of fires is lacking but work is underway in ISO TC92/SC3/WG6 and at the very least a standardised methodology concerning which species should be included in any quantitative assessment of the environmental impact of fires should be established in the coming years. In lieu of a standardised approach two models have been developed and tested to study the environmental impact of fire safety. Clearly complex, quantitative data concerning fire emissions are needed concerning any assessment of the environmental impact of fires. This paper has presented these models and some typical data that can be useful in an LCA.
Regulation of chemicals used in products is necessary to ensure that society is protected from hazardous substances. There are ample examples of how chemicals with desirable performance have been shown to have undesirable side-effects, e.g. DTT, PCBs just to name a few. It is, however, necessary to have a sound scientific basis for legislation before costly regulations are introduced.
Both the Fire-LCA and Fire-CBA models were developed in an effort to answer difficult questions concerning the relative merits of fire safety and the use of potentially undesirable chemicals. Both models provide a part of the answer but not the whole answer. The Fire-LCA model is able to include the benefits of a flame retardant (in terms of lessening the number and size of fires that a given product might be involved in) while also including the additional life-cycle burden incurred by the inclusion of a flame retardant in the product. Using a traditional LCA approach only the life-cycle burden of the flame retardant is included and the benefit of the flame retardant is lost. Similarly, the Fire-CBA model attempts to use a holistic approach to a cost-benefit assessment whereby the life-cycle costs of different choices made in the product life-cycle are taken into account in calculating an overall life-cycle cost of the product. Number of injuries or deaths due to exposure to deca-BDE assumed to be zero Table 8 . Results from CBA calculation [39] . Unfortunately neither model is able to include all of the potential emissions or costs and benefits in a way that facilitates a truly objective, holistic decision concerning the pros and cons of choosing fire safety over potential environmental burden. As for all complex tools, the models are no better than their input and the quality of data across the whole life-cycle of a product is generally patchy. There is a need to improve the assessment stages of both models and to develop a global model, capable of taking into account both emissions and their impact, and the societal impact of different regulations and the cost-benefit of one choice against another. The development of such a multi-parameter tool is a difficult, but nonetheless important, task that will require a significant amount of research in the future to realise.
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